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(54) FLOOR REACTION FORCE PRESUMING METHOD FOR BIPEDAL WALK MOVING BODY 
AND JOINT MOMENT PRESUMING METHOD FOR BIPEDAL WALK MOVING BODY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To grasp the floor reaction 
force acting on any leg of a bipedal walk moving body 
such as a human being or the moment acting on a joint 
of the leg using a relatively simple method on the real- 
time basis accurately. 

SOLUTION: Judgement is made whether the condition of 
leg motions is in the single leg supported condition or 
the double leg supported condition, and the total floor 
reaction force F is presumed on the basis of the 
equation of motion of the center of gravity GO of this 
bipedal walk moving body 1 . In case of single leg 
supported condition, the presumptive value of the total 
floor reaction force F is used directly as the 
presumptive value of the floor reaction force of that leg 
2 which is grounded, and in case of double leg supported 
condition, the floor reaction force Fr of the rear located 
leg 2 is determined using the measuring data about the 
elapsed time of that condition and the moving speed of 
the moving body 1 and the characteristic data 

predetermined, and the floor reaction force Ff of the front located leg 2 is determined by 
subtracting the obtained floor reaction force Fr from the total floor reaction force F. 
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[0 02 9] C©t§£, ±IBMiSB#^©«d^©«*tl<!:!&: 

jm®©*smra c<Dtc&. m&m 

mm tmmjmtmvmmsffl t <ommmm^$> 0 
&mtbr fe<cit, mzmm&oftmmfr h * ©t m 
fflmcm^xmtEicMw&mytmvmmvmzim-? so 
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sc $/c HuiB-^iwmcitffl-r^s 

^©s«i*^tc*-5c^-cji^3ns *>©-c*s„ 
[ 0 0 3 0 ] fif ->r. mmzmvimicisv z&m#o>m 
^©^stowcr, ««$©«£ -5 tcps»^t«i©pa^ 

B#©£3cJ52>£»S<t UfcfJIB-*©W«:©«JS*©»l 

vrnvms t ©tana-?- z t u x mn b^i* ?- $ *s 

©ig®B#W©ftS«i . MWS:J#tfc^©P3>&B#©^ms 

^©ftt^ffii^SSffl-r^ctr', wfiB-*©Wft«:^ffl 

[0 03 1 ]^ h^ST-**©-?. MIB 

-^©W^©)*IS^©^S^K:*f-rs«0^«. iOi* 

[0 03 2] **W©BlcS*«t5e*ffi'CB. BUfB 

1^5 xf-y ^-cnjE^tf^Bft^c^iftSS^ttS'J-rsfc 

t^x«S-J£^?f^SJif*©#Wft©IKMEP©Tffl>J 
©TiSgp©ffi*4fta t iaW<*©)iSragi5R!y : )BER|g5©FiS© 

^iaj©«*4fta<t ^-en-ensa©Mp^}#^©ra 

W*©)8MIi5Cc>ftt- 4 fe)ft)ft©TlilgP©T^gP©(4g 

©. fmvmm-imviMcDffli&mfr e, <Dmr.s.mm» 

<*©MT*|6l«:*j^S^tij*?:. SW^©AffiBg(5RO*T 
fliSI5©ffi£4ft S©ltI'Jfii i feWft ©^HgPRO'TiSSP© 
* £ *>0 -fXi «:g-?#KMJ«3£jmii©BfJ 

teftcfffltS^f- 9 . &|5]©WWXmtfig©gi?#j 

b#*^ e>^B©ww^:^Ftfc«©ra^B** -c©igiSB#p^?:- 
x. mEmbXT-wx'te. &M<Dnffi3zttw&oyRifa 

©cc. -e©ggteB#«cS:ffl?nfcH?IB^lbfi?r. Bti|oI©M 
KJcD. irlB^KljIK©itfJJffl?r^-5o 

[0033] tut>%^ &@©MiW3:mK&©Ba&B${t 
te«-c«*iyri>A;»«s-c**) ©flSKtetc^-rstew 

<*©T)05a5©T^g|5©(4S:©, fj@©MW^«!IM©S 
ft> 6 ©IgziS^tf ^ttf*© iltf Him ic W S ^«)S 

^. 8iH©ww3a#tK»©R»&B#*»e>. ^-iii©isiW3S:J# 

tfc^©P§^B#* -C©-*^/c <5 (C)»l»©)i3Mgp©g|5^ 

i«*iffl@©fflH3Em»aB©H*&isa» e>^@©i5iW5:}^ 
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tttzz. -e-br. cornet, miv&mmt. mwxhj J5?j£m5£©gg<ii cM^.ti roj «fcO£T**t»nfit> 

t*Mg.©ga^B#«:^ffli|Cc?¥-r 4*Pf*©*B»;RcrFIMI»© itfctW 5ci"C. MW^m^©&7;&t>*m)«£Jf 

< «fc »)»L< ttSS ) ©f 1 -* i*fflC»r«ffl^ t^JWW^t^J^6*»X»tt««:*fT-r*IBCC. 

mifimKcfcO^toSC^rt*. &W&©;*: K^BJ5NFW580gSteB#^6©^flB$Pfl* J ±fa^B#ra 

IfiRSPRO'TSSgPOMMftgt*. &»{*©&WIi5©JSflft <DWSM<<cmt £©r . -ettiCj:-^. PflSP^ttfS© 

©■fe>f *W>rftiSiJ^"SCi3&SnIffe"C*S. [0 03 9] C©«t 5 {cWlft©«KrK.®*WWrf i 

[0034] ae or. Pilca*«»K:*5»s«»«s«c^ -c. *JW3a*^r*s*»n»3Ef*«J«r*4*»<o«»r 

Jfl*£Sy^©^ffi*#a*fcftCC ! ^fc:^#fT£ £&IE(Ctf 9C£#T#S. C©*S*. #W30#tt»£ 

»j{£©^iijlg£*Mft-fe >tf*iffltsc £&<S Hwea*K»i rgfc £*>©£& 5«g:*©iiS<i©# 

tt&fitt. £@©WII3tJ*im©Wteiaiir©#»^r rw. «J*S*©«Befi©»K%*«>&ci<«r*i. 

*6©r. *©«sttaii** 9 . o^ns. wiK3#tt *&. *tt©»6^©«g^fc*«Ci&*&«f*©T» 

«8«:*5»4flaR*©«Be«©»tt*iaf«t>*ci36«r# ©_hT:£ft©ttM«. mt»UP!tt©Tffl«cftiau£-fe 

£„ >^*8i»)ffwr*i< ctr. ttattBt-fe>-9-©w^j«: 

C0 035 ] *»»©)*s*!(t5e5rffirB. buib 20 j^sstcjas-rsciair**. 

B8flsaF0©TW©±T*ifii©aijSffi4«^it-iii-r*^'f- i»«*rti/r«isstifcR»£. KHa&ttcKKawcast 

±T*fSj©ftniSS^*6^u«)^*/c§T^©K«i«±cc aw*B#©TW©±T^©anj«ffi«. Mi2HiSi$©± 

W3d$tt»a*»7u flo, jwawii3a*tt«rc^fi*. [004 1 3 gfc. *ift!8©acR**i5e*ftrB. we 

tT««(fl:©jitf*iBi{cifii*»-9rfftiB©»ft«:ffffl-ri«r SS2 ? yr-js#ff^s&ft©«'^©as^»*^© 

ia*s*©Jiffiffl^*6^c»Si&fcB'fS©Hffi«Tfc jwiK*jBa-r4*ffiiiyr». «*©*£****.?> 

W^KaJ&Wte-TiiOr. ffl^&l&T&mt&DM 30 ^©J^&^ffifc^O. lM'l>©{i^Sffi<l>©;jn 

sfrKSSfc^KTs. jief%jsa-rsc<t*iSHir*>4. 

[0036 ] *St»tt. Wc. WIBWI*3t«*e«©l*7 [0042] -Ttttofc. WKill)f*±K:«fW*©IKI»flS 

<*W3a*tf»©Hi*6) ©flKtcMbrti. Wil5©«fc9 *^-Lr3**snfclH«5©fW»ftK4. «IW*©4>&< 

tcwireatttMlolittieH**^**^^*. Bute tbfmm&VffiR&ttti^tiVMtiift&t. mii~ 

m&3d$vv&<Dfflfevzfr h <Dmm&m<Dfr®m&&wm s^t^i***© a> e o&Stofc*m.#.©B?iB*e#tffi# 

«S|^7-r^i*«:fIIB*)«i^^Wfi§*sra^-rS<i;L. MA. fifal^x-T- fffillft©ffltelK& . 

r. H?i82-S^f^l&{*©aS!>^ ; S:«iT-r.5>J:'5^U UieiHWIBR^BWfflO^tnenoJBftftKi. WI2- 

r 6 J:t». ja*tf^«M**ffltt©IIM*©*IS#<!: orSibrft*H! 
[0 0 3 7 3 -Tftfefe. ~ £#tT^tt(*©#K)B$ (*tf 40 (*:';>^*f r ^i. K0Hf* , ;>^*f r -'U©S011(*K:>[trc; 

<*©TSB©±T^©tt]ji)S (±i^t©snisa) b# ^fe/cs^agttcs^t. mmsm^cmr^m 

»©ffi©a«fK»rtt-«K:«*c<cv>. fie-^r. ±ie <Dm>b<D&m.<Dmmi\?-*K^*$&&&K-iti-?z> 

JJDji®*9fS©Hfii (tb«ft*#&fil©^fii) itk^-T Kfi^Jjniig^^X**. -e-©ait.-£K:*I-rSi»'i> 

sci-e. ^3a*tfc^i»7a^«KJttttB©«!>& ©finaai. »iaieMffi«3fi«:*»i't4S»«Mi©ttijftK 
[0 0 3 8 3 wf*©a«i^*^ggi3£^^6 [00433 c cr. -fciZimmmcttmicmmg.*: 



C8) 



13 



&tt#©ffiWf*©ll5ligfS©±ffi'J©Sltf}- (HBft£^if> . 

H**HS*«CfcWS^tttl38^«.&©{ft« (»U < 
<**Bi?iSf5©{ig) i. ±e©sg»H«itca-^l»-cailB 

©ti^2»»*WB£o-cjiat>e»*i3. Sot, mriam 

i k «t «j . mmnmm^K. tsvt a - asMf siHt©s<fr 
©tnaaa:. iuB>^^r«ttft4>®ftiaue& . »s 20 

So 

[0044] C ©*R£. ±$© <fc -5 KZlS^tf ^Sbft© 

MI-MS© -k >-^©tH^A>6ffiS-r 5 C i #pjfifer& 0 - 
SW*©)ISMg5SO*)S?Mf5©fflttftS«^n^n©ll8g0 
©@B»f(cBS( 13 #Wfc#?->i/ a y - *^©-te >1»-©m* 

ffi®-r£c£#n»jfi&-c&£. s etc. r.$LmT&ito&<o 
aw©**©tt«tt . * e. c Atmwc j: o ffla-r s 
[ o o 4 5 ] sf^r . ra*tf»«M*(cit«fl«iAga«c-fe 
-Mjfiui^aiaus* y r * > a A-rssKaaw set 

[0046] C ©cfc "5 tCZUE^tf 5f£S&fl«Dfi'k©<&S-?» 40 

ttMc*w sK^js©jQ«£*sHwr sfcft©»najs 
■fe > u-3£© -b > mmc mmr z c t #-c * * fc#> . 

[0 047] * fc. AW©<fc "5 fc. H5iaMW(*«:3S^g5 
£/r urates tifciKSflt. KMSPicci^sigptc^ur 
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sp©-en-en©«^4fts-c*sct*5Wji-c&s 0 *o 

^f^Sb(*©^W<*©^Sgi5©TffliJ©T)IlSPi. RBH 

aftoweiiOT»KDiB©*Ba.£. miasgpi. krai 
©±WKc#-r fWt aiase* ^ty±*sc t * -en-enwf* 
t b rat u to* fju-e* s c <t &#m-c$> 
[0 04 8 ] cntcj:n«. !f#{c-s$tT^«j^^Ara 
-eaaatecc. *©*4>©{ag*>jjn&££«igj:<tea 

[ 0 0 4 9 ] ;xtc. ^^©-a^f^tt^wKgB-t- 
THijia-£^tT#Sfr{£©&#Pf*©4>fc < £ fc— 3©M§5 

^©flSMgn^/rbrXf^sti/cji^fflMfta^. fr 
E«w*©i>tt < t feflftHosofBSBBc-en-tn©® 
tt^Si. iar£^f^«j*©*e»^oto^»/caiSi.^ 
©hu ia»»ffi« *{c *s » s m&m. t * -en-en^^it«'j 
-r^xf-^^i. BuiasM»©Mi4fta£. Mfasw*© 
fl5MgRSo'^wgp©'en^n©fflftfta£ > fria-s^ 
?f^s!i<*4«^©P3!ift©Ste<*<t LxmLx ^spffli* >; 

>!t)c&-r-s-s^tf^tt[*©spipj[*ta^gi5©^4fta ; i:^ 

W ■5ISPM[*tB^Sl5©* 6A> D**Jit)/cS'^©{4g t K.M 

iz . Miasm jStcatT s srami^gp©*-^©^* 

^**-5<t^(c. -e-©#P3d(*tB^Si5©«^©(5g©B$ 

^^©ttiiia*^^«) ^f-^i. mmmgKtt-r z, 

SHuia«!t*©tt]aa e>K^>Fts«stc*iW is-un 
^^^©s^^flniia^^^ifes 7*<t . Mia 

^^^^©^^^©Bf^^J^-^tcS-^tSPJlH* 
tf^Kb^©PHftt§^Si5<b u r ©S»t*©AIHgC©<®^4ft 

ai. wwflK0Baa»©jaiftftffit©5*©iJ>«c<4*> 

-^CCS-^I?. ^-J£^f^St)^tCfcWSSWft©«S 
^ffl*©«IS{4S?r^**-SX7-^7'<i:?rfflx.. Hi 

iej*s^©ii«fii £ . mssmE&jrm ^(Dmmamt . 
HuiaiteMffis^fcfcw -ssHii^ffl^gpwa'C^flnjias 

<t, §wfttB^a5©s>e.^G**AfcfiSBLa c -y--f x 

J6fcfi^©(4g<i:. &raft*BSSB©*6a>G*6*#>/c1S 

hi^rfflc^ritati^^x^tcs^Hflfa^ 
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[0050]^. B-rajcDj: ^tc. iwsBfl5s*«Be*ffi«: 
^r-en^nitsiJ-rsxT-^ ^d*.*: insect, -ene. 

f^M*. -JS£fT^Sfef*©M^©{ia^£#&£/c«>CC 

[oo5i] frfrz^ftwoMB^-jo himim~c 

JSftftg££ftI'J-r ttih<DWcm : f-^h 

(4g©B#^?ijf : - * #. ems ^ n *tt»i&©cftB© 2 pg 
coo52] s e>(c» «na««M*ffia»©«»4fti«©i« 

[0 05 3] *fc. *BH»i«#«0»Ift«Cj:ntf. 
«. &W«WSm8BCc2trSK«#©*K;ft{m£©& 

■a. WEzja*if«iwt©iiM*ffiaaiii/"c©s«i(* 

©*JB*©«*«*1**\ KJW<*©)^KIg5©®ftftSiffi 
ftKi. I*Hffli©JBl»aiS£©3fc<DiJ>fc< th—yjK. 40 

®m.*M#>*>ctvx%z>. 

[ 0 0 5 4 ] -eur. _Ba©J: 5 gcz:,!£*Mt*£»>{*©& 
iw»fflsw©«*©jw*K. K0iJ<**ssa5©Mflnjis, 

^•ffitc«j:«3*j*ens)*jg*©fiiS<iiiWi*t:. -ene. 

&mt*(Dmm® j i>i&.mmicftm-rz>*:-s> hzwm.? 

**i4mn&wecs*.«. -s*tf^«j{*©spsiifttBsa5 50 
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©^©MjisiiiiKRir-saBb^rfisit. igjM««SB 
©@iKai6 <w*«^fl*sw©S4>©BD©i3tK« 

rt»<fc©-c**. wmnajcrsssi. macaw*** 

*£f*-C* £ <b 1/ /ciS^r, #W*©TMSII©fi'^©Mjia 

tt^wrsasti^s^tc, KTMSP©S'^©flniss, wl 
m#wm?zm5&io>tm®. TB*©««©ffi*» 

^.©Jt^ftat. mm&<Dm%.j](DmMm£. wcrm 

mctsV ■5KTi5gR©S'i:>©(4aR.O*teTi8SP©-y--Y x 
(S3) ic&fr&T-iimt. STMSP©«tt*->> 
hWffii. KTIiig|5©«i4ftS©fii<!:*iST)!lSi5©liIte 

[0 05 5] *te. SWi*©AiISP©*^©3aiaStl(C 

w-r^asb^iis:^, &*Bsa5©fi<i>©flniiKs ^Wft 

SPCC is W S ifc^ffi|gP©A^©(4aRC>*KAIigP©-9- X 
(S3) tcGMD^-^ffii. KAMSiSOiatt^-^^ 
h©ffii. iSAiigP©ffll4fte©<B<t €rigAKgP©l3l£ 

mmicM-r&mmjmjZtcmm-r&ctx. wmwcom 

[0 05 6] ^^S*^©KSp*-^> h^^fttC 

«ttitf> irai©*B?B©*JS^}i^S4cj;«3*«?)e.n 
/c^JK^©}tsfii*ffl^r »<*©Kig5(cfpffl-r *- y 

[0057] 

[^©Hife©^3 ^^©-IIMff^^MIBS 1 it 

wcm2^mi 2*&mvxm.w-rz>. 
[0058] *9mBm\*. r.g.mmm&± lt©a 

[0 0 5 9 ] 02&cgt3;<tL-c*vrJ:'5K: 1 AHKi, 
-e-©^^ASiJ-r-S<!:. £:&-*t©W<*2. 2i. KSP 
3SD £ Jftai4*^i'i-5B(*5<!:. 3lSI56<b. 2E^-*t© 
ffie(*7, 7.!:?:^^,, JM(*5«. 3 
2, 2©-€-n^n(c2E^-W©H3Klg58 > 8*/rl/r« 
«£3tx. ^W»2, 2 ±tcX^F 3 nro -5. . flMft 
5©JSS39S4«. MgC3©±fflil«:igIfSP3K:>FtL/'rA^ 1 
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©fii^ffl'J(c«f.4oifi6cc#u-cc^ <> -eu, c©s&jsb4 

4 ©iiSSBKSfSB 6 #3£f3 3 *i r t > S . 
[0 0 6 0 ] §J»I&2. 2B. JS3Wffi8*>6JI&fS* 

ngC9<b. tt^nfltgoj^a«>6Bm0i o^/i-ors* 

SE^-STIBgRl li^WO. TESSBl 1 ©5teil&gBfc. fi 

tr§B (£*MK5) i 2*^-L-ca^»i 3*aBB3tir 

[006 1] 3W0lHg»-C«. C<Dcfc ^ftflWttr* 
Hflf 1 0RV1&mB8<,cftmT2>*-s> KDWm&Vi 

C0 06 2]tm. JP(*5CD)!agP4 0Cti. SS3gP4 CO 
■9-14 («T. WSB^Wa-fe^l 4tC»5) £. IS) 

gp 4 owtfc&M ©an auttc (6 o tc mti tA&r z mmm 

i, CPU. ram. Km#bttSti&9lW&B&MlB 

^fsnti,»s. c ©*§£•, cne^iasc^f-fo-fe 20 

>-f 1 4 . K8SBm«Jn]iiS-fe>-9- 1 5 . ft*ft!JI!&K 1 
1 8CCJRS3tl. RiRSfflUtt 1 8*/i-L,-tlfejSB4&c-{* 

[ o o 6 3 ] ft. Bagpttjjta-fe>i^ i 5<DW*^-rftn 
<£«)f*L<tt. ww4 ©^wo^fa (HagB4 

Tjft 02©^>[tffi«^©xiii^iS]) -e©flnii]g-e*6 30 

*». MSB 3 *-5l»«iaaP4 *S|Sfi[^|6j (0 2 ©fg*tffitg 

isj-ecDflniSgi/ia. 

[006 4] gfc, Mtt5©jKSP3tCt2. flSSP3©M$4 
9 (fc(T. K»5>Wia-fe>-0- 1 9il^) £. H?gB3 
tJ-2 0 (fcJT. 81g|5«rf^]n^a-fe>^2 0<f:^'5) <t. 

Mac3<D±T^rsj©/jnjiKccit.DfcUi^'&^f afina 40 
K-fe>if 2 1 (feTF. isa5±T^as-b>-y-2 l £(> 

[0 06 5 ] CCT, KSPfW^ttlitK-fe>1f2 0«, J; 
0»U< tt*»ttffetoauS-fe>1>- 1 5 m»3<D 

flniI)S-te>1t2 ltt. <i:0f¥l,<tt. R»3©ttto£Gl 
■C©±T^(S1©)B]jIS (cn«Slg|5HlffS}Jnaa-tr>-9-2 

oAJ^m-rsttiaiSiiSS-ra) £t&tH-f s-fe>i>"e& 50 
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So ft. sggi3mrfitti)ieH2>-9-2 oso«±T*nas 

■fe>^2 IB. z^*fi©*oasK-fe>-9-Ccj:»)-»W«:« 

n/c 4>©-c& -5 -c h J; t >„ 

[0 06 6] 3 6«c§W(*2©H9Mb58<!:^M651 0 <t 
(C». ^n-en©®ftftJSA0c. AedKESD/cffl^S: 

&±ir -sflswBPfts-fe >■» 2 2 Rvmm&n&-te >y 2 

3*5SI#3nri^„ ft. KH®ftK-fe>1f2 2CCO(,> 

t«. H2-c«^iuffliJ (APtai©fr*icifii^-5'C^fiii) 
<Dmfc2<Df&fflBst,c&t>z>i&.mBn&-k>y-2 2©^ 
^EmSftrosa*. ffcfrM (AiHi©Ht#tcGirt>-»T: 

©W^2©flSHgn8CCB. ^MM©lRHfi!fAl&-l2 
>t>-2 2 <fclU<l>ft. )iSBIIwftK-fe>^2 2*^»3nt: 

[0 06 7] C*l6©ftlSH2>-9-2 2, 2 3B, 0d;U* 
^>->3^-£&cJ:9t8)&£nfc*>©T'*D. &BP<* 
2(CH^Ltt«rW<> Ki^£©#© ; S:/rL<-t$S»3ftT 

cc-c, &nmBnm. j z>?2 2*mm-?zm® 

ftSAecB. «fct]»L/<B. |jgSB3±&W<*2©A8i8 
SB 9 t©^H8^*iRFf^©^K^ («*t*AIBI 1 ©fi 
ffi«9«»© i 5 tcKSB 3 ©8w> <t ABSB 9 ©tt-C> i *^ 

g|J3(C?t-rSS«lft2©AIia59©BSMg58lHi0 (ABB 
l©2Ea^fCteW€.BaKgp8©fdi^l5It)) ©Hisfta 

•c*s. H«tc. s^gpftS-fe>-9-2 3^ui-r€.® 

ftftlKA0di. SWft2©AMgB9 iTMSBl 1 i© 
^M^*i^TS©^^M^ (^^.BAi8a59©tt^iT 

isspi i (Dm^tmniw-nttji^mmm tc^si 
i oihio (Ara i©;£;&*fa&c*5W£j&rag& i o©$A^ 

BO) ©liIfKftS-C*So 
[0 0 6 8 ] ft. BUf2&-fe>-tM 4, 15, 19-23 

t*. *n6©a^^©Masigi 6cca^j-t-<<. h 
[0 0 6 9] B?fajn#^a^s i6«, s 3 tc^-r<t 5 

6«, lfg|5±Ttt]aSH2>^2 lWt^Hl^-f i. vm 

-en-entf^nfc^-^i^rffl^-c. abbi©w*2. 
2©jB»tt«*im»3mtt« 0 1 (a) oim) -c* 

^W3t^1^ (HI (b) ©tKJi) -C*S*>**I 
Mffiilgl 6«. IS8Bm^fflBIS-fe>-9-l 5SO'WSBy 

+ 4©^ai7 ; -^?rfflt^r. iagB4©«5>tt 

^T[6]{C?tT-SM#-4ftSeao B2#JfR) tlWfSltti 

<ffli4ftattS'J*i2 25t, jigBfrf^jnas-fe >t2os 

3©«a*BE«SRC«C*»Ct4«»fttt0 b (ft<*W(C«t?il 
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[oo7o] $ e.cc. mnmmmm. 1 6 b. mmtma 
as-fe 2 o Ro*ngi5±Tftnjia-fe 2 1 ©tarn? 1 

-f iH«l2)ggi5«l4ftai+i»©2 6 Cc<fc OfHWSftfc 
{C*jWSAP4 1 ©S*.#.£ L/r0 2(C^Tcfc'5CCJiSR3 

T ( a 0 x, a . z)£#& SS*£M«Sftl'J#& 2 7 

rc>*. ccr, MllSCptt J:*)»l<«, W 10 

*.« ABU 1 <Dtt<DM.fflB 8 . 8 O-etl-etlOHiiC^Jte 
©HT^cifild^zK^rfiJ^xtt^lSjib/cffi^lS (314 

©*fiia&««rBai6*fffi**Cfira— ©ffi«»> 

*fc. ft*«gi£B 1 6 «. S«lf*2©)}2li8gijftS-te 

iBRaW««ftlSSHW*a 2 6 «c <fc SKSB 3 ©flg*4 A S 0 
bO^-^i^rfflC^-C. !6«ffi«3fiCfK:*JWS*W*2 

<DAMgP9-Ro*TSiaJ 1 1 ©^n^n©MS4AS e c. 

6>d, 02#M) 3»6&iJ(*sg»»a^S2 8*«*-C 

nmm^m2 5, inMftfftiKfhM#m2 esow 

^*ffl#®2 8KJ:D»6ft*Jft*4©«*«llte 
a. KSB3©flgl4ftS0b, MO*«C#)Wl{*2©Arag|59© 

4«mas e gRo'tihssp 1 1 ©<«£4AS e cm^-zzm 

cvr. {(UBoMflsij > d^f^McfctlK-f SAIffl 1 ©#W 

a»a#»2 9<b. ^©^mftti^SBcs^aa©^ 
- $ ±e#f*&tt$c ptcims Am 1 ©£ 

{*©ftl>G0 (feTF. l> 9. ©{4 

g£*&S#f*fi4>(iS3?l±l^f23 0 £. -€•©#{**<!> 
cowftg©^- * £ ffl££«M8B9Hll^gt 2 7 tc «fc 4 
#(*^«mc p©M,-$0©M$S aoCf-i't ^fflc^-c 
m*f^mCf«:*Jt-t-5.#<*a^G0©tt]jiaa =T(ax. 
a z)(0 1 #M) £##£#{»(>MaSfrtti*m3 1 
££{§;*. 

[0 07 2] 3 ft»A9&S 1 6 B. mTia^SPfi 40 
'MB*lti#K2 9«c«fc4AIHI 1 ©«HM*ffi^»©«*i> 
©fig (»l/<t*W(*2«C«Rt>SII«*ffiSaw>S'COfi[ 

a) ©t 1 - * £ Htfias«si»niisita'j#©2 7 <t & jh* 

)£t83;C p©H*0©Jrajtffi a . ©■?*- £ £ £fflt>rifg2t 
ffitt^C ftCfctt 2 ©AilSfl 9 SO'TIBSP 1 1 

§scMisnwm3 2 1. «trsawif*5gi5®m#K2 8 

KJ: £&Wf*2 ©AiSSP9 R^'TSIgB 1 1 ©-5-ft-eft© 
tf.&SBtt 2. 2©AMS&9&0*TIBSI51 1 ©AMIS 50 
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2 8 &c<fc £&W<*2 ©A«9 ©fSI4AS 0 
c*>, «W2H5B8»AttH2>-9"2 3K:J:0tKW3ti&Ba8 
151 O©®ftftKA0d©f t -^*fflt>r«il6Lrc>S 
§BP<*2 ©*££fm£©{iS*«£-f 

[0 07 3] */c, A*«9!£B 1 6 B. BPttSSftfW 

^&2 4 ic£ *) MW$.tmKm>mn ivmsmotom 
7) vtamztizmc. -e©^w3ami§©g§te^6 

©S»l*« 3 5 £. IWtiUil*Wr# 

152 4&£Qmm3mtm<mfe (mmxt^w&<m 

7) tfffiilSft&SK:. iftf2W#&fl#ttl#©2 8(c«t 
S&W<* 2 ©AffSSP 9 RCTTBau 1 1 ©^n-e*i©ffl$4 

£€fflc>r ap^ i ©»*ais*ifti&r**ifcaftaB£# 

&3 6£, C©^!»3tS»^©3 6K:J:0^?»*i/c 
^S5MS© f 1 - * 6 WW3a#tHS©H»&l* *» 6 ^7 B# 
$T©B#p a 1 (MW3z:}#t^l©«IMB#P^„ «T. MS»SH!f 

wraith ) *«eE-r-siiW3Ei*»inB«Be*a3 7 i% 
[0074] s/c. ?n»®a^a 1 6 «. Mfa#fts-^ 

M*S#m^3 1 K^S^ftfi'l^MtSa©^-* 

Ji^fii©^- £ t«rS2JH**8l 3 7 CC J; SltBf^- * <!: 
B?l5W<*««l*"JK*a 2 4 4Cjc£|ftlffc2 ©aS6«^©*ll 

Sffl©^- ^ £W(*SgPM^S»tH^a3 2 «Ccfc s^w 
^2 ©AiSSf59 RtTFIiSR 1 1 ©^^©M^S©^- * 
tW«t&»ftMaaS*ffl#a3 3(cj:*»jWflc2©^« 
SP9 RO'TBSC 1 1 ©ftM^SO-T- $ £J*JS*ffiffljS 
3 4&C <£ -S^Jg^^ffl.^Ji^ea©-? 1 - $ £ 
WrsaWft^Stm^a 2 8 {C J: ^,SW(*2 ©AS8SB9 R 
CTFHSP1 l©^n^*i©«$4ftS6>c, 6>d©f : -$£ 
€rfflt : >rSW^2©^gpl 0R^fl5B5g58CC-?-n-en 

3 9 ££M*-CV£. 

[0 07 5] ^CC. Ji»©?HSC^ffi^g 1 6 ©§^a© 

[0076] ^mmmm-cit. ^^.bap^ i 

iim^s^g i 6<Dmrni,te^nw.x ■< ? ^^sa-ts 
£ . mmwmmm& 1 6 tc zzmmfrmmw -<>?)\,z 

[0077] -r^ctD^. *■**. iss^a^g i 6 b, m 
mmvmnmm&WL 2 5 k^ksmsm a mmm 
2 eKis^s^ntf-r-s. c©t§^. sfijgp«i-4ASit 

if»l^g2 5 0©at«, Kg»m)ftM^S-fe>-9-l 5Ry 
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*4ftBBHT«*S2 5©«HI-Ctt. Ra«iKJMjniSK-fe>-* 

2 o&t>*igSB^ wn-tr>-t>- 1 

SlggG3 ©fJf£#rSJ©flniEg. RSB3 ©ftjggDtfctti^ 
-tiPh, ^£©^ffi£fflt>Ti&*tJ®IU?i 

cr, ie>Ffffi«*Cf(c*j^s^ai54Ro'aggiJ3(D-?-n 

[0 0 7 8] ft. mti^W P-fe>-t>-l 4. 19&CJ: 

sftMoMf-fW-r^cfc, nas4*>K9s 

3 ©««fttt**«t>4 C i nlttr * -2. *s 

[0079] &k. njHUHRK i 6 «. friawft*^ 

»Biffi2 8©Mii HJiaSmflnMSttiS'J^m 2 7 ©M 

[0 08 0] fltaa*pft$&*tti^&2 8Kj:*«iat? 
b. ic»ii^c«cte»*#jw(*2©^iia5oacn f 
Mas 1 1 ©«m«* © c 0 d (iamxfaictt-rzimn 

Bt. H2#JB) tmm&4>?}\>Z -*A«K:;fc©J:5K:# 

«>6*i£. -rtttofe. s»*2©Affsgp9©fflMftae 

d*. *©Hft2tc»#34ar«,»saHEi«a8«5ftSH2> 
1f2 2(Cj;e^l58©JlftftgEA0c©^aif : -^© 
^Sffli . flnBR3Mg*4ft JKW-S'J^m 2 5 tc J: 0 6 
nfclHW3©M«4ftIteb©-%lHlfii*>6^5S (4) K * 

a,, = T (ao x, ao 2) 

= T (ap • cos0b— aq • 

[0088] ^cc> mnmw&x. 1 6 1*> wriBS^®^ 

IB 1 ©*W(«i^»©M*©ia« (JMtffi«3fiCp©« 

[0 08 9] 04tC^-TJ:^{c. ^fl^Srffll^M 
<*U>f ^fJUltt. AlHlft. &#P<*2©Afl2g(S9iC 

R2i, H»3CC*B3-r£|(|flER3&. 8*18*181.4. 8S<* 
7, 7&C>lKSB6££fr1r/cg|5#4 0 <«T. ±(*8P4 
0&l»5) (cfflST&P!!»R4i*i6IS0rtt**>©iL» 
rSHH-itfWibi. C©iS£, &PHttRL&|MttR3 

i©aasai5. ato'tc. s0ii(*Rii0!i(*R2i©ii$gga*s-?- 

tpfflttR 4<b©a«6ffi«RW3(c»'r«KiaiS4©M«dt 
.£354 1 
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[0 0 8 1] 0c=0b+A0c (4) 

[0 08 2] CCt. ISSP3©<lg!4£lK£> Mi, I^SgSP 
3©±ffig|5#Tii&3U 0 t ABB I ©fr^ffliJtc^^Ui?. «fc 

©ffi&&*t>©r*9. «HH58©JffliBiftBtA0di. 
*B»9©TFia«a*AHI 1 ©M^ffiiJK^tHSJr^cA 

msp 9 3 ©mhxcm u r mm l r t » 4 ccie© 

fiti^Sfc©-C*S. 
10 [ 0 0 8 3 ] 5 6(C . &m» 2 ©TH» 1 1 ©ffl£4ftg£ 
0dtt. ±fa©«fc^tC^«)6n/cAIlSB9©^4ftBC0c 

■fe>*2 3CCcfc4)g?nag51 O©JBi8i«l£A0 <*©!*«?* 
-*<D^Btf&a>63Q£ (5) {Ccfc^®tm3tx4„ 
[0 084 ] 6d=dc-Ad<i (5) 

[0 0 8 5] cct, mami ocommpimx. rmse 

1 1 J&5AJHS59 ©N£4cMl/rtt^WB9 ©WBB«(C« 

£4 b r i> 4 cc IE© IB £ & 4 i> © -c * 5 . 
[0086] * fc, Btrias?nftijiSita']^© 2 7 ©es 

20 -CC*. Si«B*flEffi««Cp©J0R^O©lft>tffi«3RCfK:*J 
W4MlgCa,=T(a (l x, a„z) ifi'&ff)* 9{C3fc«>6*l 
•So T&*>%. f*SBHBBWfiMinaK-fe>-9-2 0«:«fc4R 

gp 3 ©w«^i ©ai3ss©^ai t 1 - * ©<%@ ffl* ap> m 

taffiSI5±TtlPiiS-fe >f2 1KJ: SJgSB 3 ©±T*|Sl© 
fl0aS©^W7 r -5»©4-|5Iffl?:aq£^-4<t. *tl&©tft 
a^-^ap, aqt. B<)ia)®gP<«*4ftlKH-S l J*K2 5 IC «fc 

•3*»6tifcHa.3©««4flB[0b©^iaffii3&>€.. 
St (6) KJ:»)«eS*ffi«JfiCf{cto»sai3aLflEa.= , Ca. 
x, a„2) * 5 3j?fe6^l4o 



30 [0 087 ] 



sin0b, ap • sin© b+aq • cos0 b) 
(6) 

[0 09 0 ] -€-l/T> 2f^lJS0!IS-C«. C©J:^; 
U >i'*7 r ;UR©S0II<*Rl~R4K:>Ptl£;-r-5Ara 1 ©HIM* 
ffl^SP (SW(*2©Ai5g|59SO'TiigPl 1. MSB3. 

±{*SP4 o ) ©-e-n-?n©s^ci. c2. G3, g4©sm^ 

40 11 6©^7rjl,&(,>y*i;tcfal£3*i"Ct>£. 

[0091] c ct, mw-tmmm. 1 6tctatf.s^Lt 

c>*SWf*ffl^ap©a'C<a. C2. C3. C4©fig«. 
»ffiS»«c*fO'T:H3eofcffi«*t?©fiffl'r*4. c© 

SH!H*ffi^SP©S^CL G2. G3. G4©{4g5r^-T 

.^-^or, «««waa»©-«»©iw»© 

4„ H{*WCC«. M^ffl4KmtJ;^K, SAE8g|19 
©»-C<;i©(4a». i^AMg|59 ©fl$H8g5 8 ©ff^*>6 A 
8i8a59©li/C*(6]tC^itdl©(ig. STMSP1 1 ©S^ 

so GXD&mz. trFiiSBi Kommmi oofp^hrm 
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i 6«ciati^$nr^s„ ffe©WfttBi!ig|s©fi'£\ c 

3. G4CD(4g{COt»-C4>|ol^|-C*>^> <> 
[ 0 0 9 2 ] ft. ±(*SB4 0©fi<l>G4©{igtt. J^(C 
«, fgJh&SIS4 0KS£nS§M*7, 7©«!li*©I3g£ 

4 ©8n>tc*f u -cmfomuft&mmt & s ±&as 

tfc«£tC*JWS±&g|54 0©fi4>G4©{ig<L«{J|Bj— <t& 10 

So 

[009311/c. #flJ607ig-Ctt. &WH*tB^SB (§ 
0) ©fi/l>CL G2, G3. C^fiS^^^T 1 - *©{&. S 

raMfctB^sposfi©^-*^. swmi^gpo-yw'xcD 

So 

C 0 0 9 4 ] ft, T82§B 1 1 ©fifiW:, 1 3 £S 

SWcfiS-C&So Sfc. ±SE©J: ^ 1 6 20 

T*>a>T AFdU ©a^>f*£rt>6. AIffl©.¥ 
JSW&ttW"? 1 - f Kl*3l>tJHW« <£ 5 (c or fc J: 

l>o — ««C. JJB&Mftffi^ffOS^CL G2. G3. G4© 

SB. -fr-fXB. Ara©#S^*aitBM14^ 

©f'-£#>6. ±IB€rWflcra3»©*'C»Gl, G2, G3. G4 

©ttg^, fifi. i^x*Jt8WfiiaJ:<*iW-r*c£ 

[009 5] iiufe&giifi'i>{ig#W^K2 9 a. ±i£© 30 
j; ^ i 6 k * e *» o&sm&tt l icf- 

§t$j^©2 6ccj:«3-en^ti**e.n/ciag|54©f®M^ 
S9a(= ±i*gp 4 0 (ommnm. > ro*issp 3 
s 0 bo^Hfii i . mmmftmmwm^m. 2 8 k j: 0 # 
fe6n/-c^w»2©AM§iJ9sa £ TB8§i5i i ©-en-en 
©«i4nsec ecKD^-iiffli^e), msnsatcESsn 

fcflDSO * £ #f*j£«*C p (0 4 © x z &m > -c 

©&Pfll{*tB^a3©M<l>CL G2. G3. G4©{&g£5j<i6So 
[0 096 ] C©ili=r. SPMfttB^gP (S)W(*2 ©AH 40 
»9RCTFH»1 K MSP 3. ±{*SP4 0> 

xq= (mlL- xlL+mlR- xlR+m2L 
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* 0a-0dA5±a5©J;^K:#*<5)nrt,^©-c. -e©flg£4 

M9a-0d©f-^<!:, S0iH«B^g|5©-9-'l'X©f r 
-* i*^#{*ffiMSCpictj^SSP5lIWB^a5©{4S 
RO'sSfWJS. fif-p-C. #{*l«fiCpfC:foWS&ffl 

<*tBI3SP©S<l>Gl, G2. G3. G4©{&ig##tf>e>n£C£ 

[o 09 7 ] ftftwfcii. wttfH4*#jRio-c. mm 

4©£ffliJK(ia-r&W<*2 (ARfl 1 ©ittT^ftrndjCcft 
Hfi -> r ««©W* 2 > «CH U AfiSSP 9 C 

(C©tg-&. i4T«0c<Ot*S) -C*-5©-C. # 

C pfC fc » 6 AIBSU 9 ©S/^Gl©{4g©ffi« 
«, (dl-sin0c, -dl-cos0c) ttc. TH 

«0d<O) -C&S©t?. ^ffrStti^CpKfcWSTBISB 
1 1 ©fi4>G2©{ig©ffi^W:. AJIiSS&9©g3£Dc£-r 
Si. (Dc • sin0c+d2 • sin0d, -De • cos0 c-d2 • 
cos0d) i&So ffe©W(*2©AJagP9SO*TPg)51 1 
tO'K, JggflSRDUi&SGS 8©JS4>{COl>-Cfc±IB<!: 

iu^(c5}cj?)6nSo 

[0098] C©ct-5(CL-C. SflS^vfilcSfftB^ 2 
9 (C J; «5 , #f*ffi^Cpfc*j^SSWI*+B^gP©fi^G 

1. G2, G3. G4©{£g£5|?SDfcf£. <«gL^S^g 1 6 

«. i»e#fl*'&(4BJWti*K3 o©saa»fu. 

fitB^aBCfi^Ga, G2. G3, G4©(4S©f :: -$i. #PJ( 

mB^SPCfiS©^- * £ %fflt»r#»S«*Cp«:*» 

WSAffl 1 ©#(«^G0©ftS (xq, Z q) *^«OSo 
[0 09 9] CCt. #<*ffitI^CpCCfcWSIISI53© 

S'C>G3©{iLgRo'sa ; 5r-en-en (x3, z3) . m3. ±^ 
gp4 o©s^G4©{4SR<>'s» ; &-ene : n (x4, z4) . 

m4. AF^ 1 ©W*K|Sl36»-3'C&«OWl»2<D^B»9© 

s^Giofigs^jts^-en-en (xiu zio . mm 

|aj#jft2 ©TMSP 1 1 ©S'toC&g&O'fifi^n-e 
n (x2L, z2L) . m2L. ^<»J©ffilf* 2 © AMSC 9 ©S^G 

i©(4SRj>*a«*-en-en (xir. zir) . mm iaiw# 
2©TMgpi i ©fi'^QOfiKS^Sfi^-en-en (x2 

a z2R) . m2R. AfS 1 ©ftfi^M ( =mlL+m2L+naR+ 
m2R+m3+m4) <k"rS£> #»ffi«^C piCfcWS ARB 1 
©#f*fi^G0©{ig (xq, zq) te-XiZ (7) (Cj;0*is6 

ens. 

[0 10 0] 
x2L+m2R- x2R 



+ m3 • x3+m4 • x4) /M 
zq= (mlL - zlL+mlR- ZlR+m2L- z2L+m2R- z2R 
+ m3 - z3+ m4 - z4) /M 



(7) 



[0101] C©<fc ^{CL/T#f**^(4g^tm*©3 0 

ie#<*fi'Cvflnjissffi^©:3 i ©®s?r^f -TSo c© 
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f>ns#f*ffi^*cp(cfcws#i*s^Go©(ag (xq, z 

q) ©B#^5»J^-f «rfflC»-C. JK*IIfCp©S#.0(C 
*f-rS#f**^G0©(4g (xq, zq) ©2P§Si[^fii. ^^C 

n<=, , #<*ffiS^C pJCteW SS-^^GOOJHJSR 1 (cf x 
q/de. cfzq/de)^*es!>e>nS. -fbt. C©JjniIS[ 
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'Crfxci/dt', tfzcj/dt 1 ^. BulBS?$JJDj£att$J#I9: 
2 7 CCfc 0^«>P>nfc#(*ffi^Cp©M..±>O©*6*tffi 
^C«C*jW^,j]OjiSa,= T (a<,x. a. z) 4©-<* h>U 
*a£:>J?at>£c4CCj:0. *6^S«C«C*il-tS#(*fi 
'C^GOCDJm jlS a = T (ax. az) a^tf) 6 ft £ . 

c o i o 2 } sfc. ffij(gyi£B i 6 frfawn*^ 

fft^. WfB)W(*&suftnjse[#ffl#S3 2. w*&a:AJn 

a**ffr*. io 
C0103] c©i^, BufBW<*ssuflnjiS#a*S3 
2©*hit?«. OTiasf*fi^flnjiK©m*m3 lojai 

4PJ«. ST, mfcV49>\>* 4 A«K«flB#a»l>to 
H*IH*8 2 9 (c<fc 0 6*i S#<*ffit§» C pCCJatt 
-S§»P^2©BI!l»tBSgR-C*^AIig|59Siy'*TliSPl 1 
©S^Gl, G2©{4g©^ft^ t *"l©B#J?i?tj7 =: - * £ffl(> . 
r. IH****Cptc*jW**il»9RCrFI«Pl 1© 
fi/^Gi G2©(4g©^4i«n©2Pg^fil, 

Mwmm^hcpiciof.-f^mmRu^rm^ 1 1 ©fi<i>c 
i G2©-en^n©ttM (#(*ffi«^c P ©R'Soccj?t 20 
-rs&itttiiia) ***&6ti&. c©en-en 
©snaa <t . mzmmmmfg.m&& 2 7 k j; & 
mm c p©jso£o <Dt&ttmmifkc m*s w ^jnaita, - t 

Ca„x, a„z) 4©-i4> h^»4*J65CiKJ;f). iffeft 

js«3Rcf«:*jws^:iiaJ9scfrii*i i©*n-en 
©Jjnjia ( «fc o » u < ». KJjnjia©*s*tffi*ii«c «c 

coio4] *fc. H«iaw(*sgf5ftflnas#m#©3 3 

^W>2 8KJ;0**6tl^SW#2©^igP9Ran r ll 30 

aui i©^n-en©ffli4ft«eic, edfDmmmf-^^ 
m^x. stf*»9RcrFii»i i©*ft-eft««aflE 

6»c. ed©2K^ffl. -t&fct. *m&9RVTm§si 

i i©*ft^n©#tinjta#s*st>e>n£. 

[0 105] Sfc. J*^^ffl.^.«S^S3 4©»1-C 

«. «tti/TC».5*if*2K:-x»T. m^mmmw^m 

&%titmfflmi&icm'ii>-cmwfc2<Ds.m®i 2*» 

h . RJW* 2 ©£¥SB 1 3 ©J*Jg;Wffl* (£¥95 1 3 40 

©giaisi^cfi^-r &£j*j^*^cpts tfrtmz, 

&) ^©-^ h;u (SirSPi 2tc>tf-r&«JK;Wm£© 

[oio6it^^. *»w#3)E©fcijatcj:ntf. 

mm V X ( > S 2 © AKig& 9 ©flt£4ft S 0 c^&Mep 
tBMt££WU m«AMS|59©<«$4ftffi6>c{C>FtL 

r. ffi%mixt)<m&-<t> h>v. i^u<«, ajbi©* 
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font. isa*isj (z#^^i) uztsw z>m.faixtii f tm& 
^t-r-s. cc-c. jmmQoygKvmm&dckz, m 

ft 2 WAffl 1 ©f&ffiiJ&C&tf & <fc 5 «C AfllSP 9 ftiRfl: 3 © 
L X ASM L T C » * 4 I? ( «0 2 ©ARB 1 © 
HM#(C|S]a^T£iJ©W(*2) ©M7»f). IE©M£4 
ftged*. W<*2*Wai©MWfc??-rS«i:'>K:AI2 

$n9t>m&3<Dm>b< l ctii,xm®i>xi,>z>tz mutt 
m2 ©Affl l ©H5*«c[S]*^rSffliJ©W<*:2 ) ©ftgr 

tmM&*$k-r. AMSP9©(«i4ftae>c^^-7^-$ 
4 * zftm.&.zi'pfS. b x . c ©iafKSi^^^a^s i 

^ffl*i^*S3 4©Ml-CB, HufBW[*^»ffi^ 
© 2 8 tc J: 0 6 nfeAffiBSB 9 ©ffi$4ft S e c©4-lHl 

[0108] CC-C. H5&tfia6©J:5K:. AMSP9 

©<>si4fta0c^i5]— xnb-jxhtmn&e c©«^was 

cx\ *mte&mxi*. ±imm^i^f&r^. s¥ 
gui somftmmLxfr^zftfimfx-f&txomiB. 

m%m%<DW&*. AS2gP9©ffi*4fta6lc*SiE-C$,^ 
^l©ta (H5r*(ia 1©*B, I6tBb l©tl) 4. 
AfigiJ9©ffii4fta0o&^T. fi-o. A!i8SI59©^4 

ftaec©^biia, en^, ^Hss9©«»ftaa*jft 

•C*-6^2©tS (05r-«a2©ffl, 06-CBb2© 

ta) 4. *.mu9<Dmmm.ec&%x. AMac 

9©M*4ftaa*5IE-C«)?>m3©tB (I5T«a 3© 

Yfroxwtfiftim. z#^rsi^©^n^^(cot> 

tCc @5©tBMM^K:*sW-5^ 1 *sJ;t>'^2©tBa 1 , 
a 2 ££fc>t»-/ctB©i£<K5£W:. )*Jg*[fffl*^i' h^© 
XH^fS^PxtL-r, px=x, • dc' + xi 

■ 9c 5 +x 3 • ec'+x, • ee+x, • ee+x« • ec+x 7 

40^©6#©^gt5*M (x,~x,l*SE«MS) {CJ:^ 
Sfc. 05©tBMra<^ecfeWSm3©tBa 3 
©i5<KS;«. Wx.« 

px=x, • Sc' + x, • 0c J +x lo • ec ! +x„ • 9c+x lt 

[0 109]*fc, 06©tBKM^cfcW^,m 1 te<fcO* 
^2 ©fflb 1 , b 2 *^fc-S/ctB©ifi<M^«. flcR*^ 

i>Y>V<DZ #^|pJfiX^* PziU, FDA « 
p z= z, • 0 c 6 + z, • 6 c s + z 3 • flc' + z, • 0 c 1 + z s • 
0c J + z* • 0c+z, 



(15) 

27 

t^5B<D6:'X<D&m3m%t. <z,~*t*JE«tl) KiO 

©ififlMB. mti 

pz=z. • 0C J + 2, • Qc'+z,,, • 0c+z„ 
£t,>50©3:*©£Jl5£W$S! U-ZuB^gcffi) KJ: 

CO 1 10] -€-L-C. flaR2jf|sffl£'<* h;U£5|?tf>£|ig 
«. AIIg|59©MS4ftS0c©IE:ft£imr 
ASBgtf9 ©MMftg 0 dDtiiim?- Z<D-V§®ift-cn 

k©ie§i tfrhma £<omm? z^^mm u x , mm 

CtiCCj; 0 , AffiggB 9 ©flg£4ft g 0 c©«<WHf -C©J5R 
[0 1 1 1 ] (88. **ISJg»rK. »Pf*2©AIiaS9© 

£3}<ft&J: -5 c £ 4> Dj^r&So 
CO 1 12] *fc. fly^ffcfl|j&©tfcBW:. SHftl/Tt,* 
€>W*2©IS?raipl OOSftftSiOtBMtt^**). A 

3-CtHBStiSBnJBHS10©JBiaiftlSAed!6»6. ^JS 

t}ftm&<D{m*wm-?z>&*><<ci J x$><s:< . aat> 

B. :TOtt9©{f&Agdc&ttHffil 0©fflfiftgA 30 
0 d£ ©W#£ffi l vc . v 9 ^Wc J: 0 flsEAfBfljft© 
GUKHUeT & «fc 5 «c O r 6 cfc t ». 

[oii3]$ 6«c Aia i wftttmz t z^mj-ic 

&§i)gfra«pl O©SftftgA0d<b©F^tc^7 (tff?- 
ffiO m . 08 (t*?fi5«*) (C^rffiWHflHtffiJai 
0. KS*±*i**»T*£*tt. J6RS*ffffljS©ti« 
£*II»9©«»«[Sec±©niltCH9 (RfgLtD 
m) . 010 <»gtT»m) sMfcirt-*. ftoT. «^f- 
{Cffir>fc*)3tfe±*>St*». B5Hfi5l 0©!BftftfiA 40 
0 dfr 60 7 , 08 ©fflMM«KS^»TflcK*jftUBMt 

©ttB*«arc*. w«*±9 to 

AI58SB9©«i4ftg0c>609, 0 1 0©taMM^«: 

m^xfcm>\m&<D{m*ffi£x * a. 

CO 1 14] HuaSbfcS#S2 5~3 4©«lt 

KJ:i«iil4*ftr4. C©WttiItt«W#a2 4©A!J 

in*. m&v<(tni'*-4J»mic. mim^±ruam& 

i2>V2 1 {CJrS»ggP3©±(^#*f6]©ttljiS©^tU'r 
-*#*6fri;ft5£ft;^ffi©Htt<btfc«3ft4. 50 
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01(b) tc7*ottj:5Kffim?immt>m%iL. a 

HtrlB01 (a) (CiROfcJ:9tt*W3£»tt»«»7 

•rztmmztiz. Aiai©^f^cc. #w 

3a*«B3&»6WW3a*tt«'N©*tf©BKCB. SIMM® 
Wf* 2 SCfC. flSKgp 8 ©a^©|gS|5 3 (C 

Ttti»ig-fe>-!r2 i(ci€.Mgp3©±[^^^i6j©ttiaa 

©fcffiT*-* *ffi£©Mtt£JttR? -5 dir. 
t*ag©B8*&R^mWl^J^.®©^T449JWr-r 6. 
CO 1 1 5] ft. Wf*«»«tK*©2 4tCj:»)W«dm 

85rt3tm##K3 5*i. mmm3mm&<Dmtm m^± 

TMm&-t>?2 HCcfc^JJDilS©^^-^*^^ 
ffi&iB*. fcB&A©? A 9 >\> * A A ) 6©iS®B$F^©lt 

[0 1 1 6] *te. W#fll«*IWf*a2 4©«ffl|-Ctt. 

±at©cfc o fcMWS^ft«s©Ba^3Wjea3 n s <t . im 

7CCj;i3lt?g'l3nSiSiliB#F^5, Kpm^^n©n^ 

m&xmmMmimmMim^m 3 7 k j: 0 ^a!-r* «t 

^(C5l<fte>tiSiS|J«i^:}#Wra (MMj»9Kn©HMl»»> 
e.-^7B**-c©teisffli^:H5Ft^©^B#ra) ©}is<ii«c 

■6. -eor. »*it«»rfS2 4(i. ^«jaa*ia*sw 
«et^Hiffl©«5eii«:jiLft:^«c-. mmizmtm&mj 

c 0 1 1 7 ] c©<t *>t,cmwmw)mm^&2 4©^®^ 
^fsn. BuiaiWf*'*^»w^e2 8(cj:^Mii 

S*S:3 6 ©«ffiRCXIS«Ba^JHIB«5e*S 3 7 ©^a 
C 0 1 18] ^«jjiffi}t^^S3 6(Cj:^Mffi«^©J: 

occtf^n^o -r^ct>%. 01 i*#iLt. a^i© 
«N*-2 (0r«AF^i©B5*«:^]*>^r^ffli]©W(*2) 

*>mm l x mm3cmvn&&fflith u . mzmc *jt, » xim 

«S%©ABI 1 -car «fc 5«c. ^©WW^^S8* 3 i3^0 

/c^^ (B$^jti-cAr H i 1 ©a^fsiic??-r 2>w*2 *5^t« 
f^c^jt2r#«u/cti^) *««-r^ 0 c©<t*. m 

Mxifrt>mMt2£XCDAffl l©^S&8gf»L». ^ffi^ 
»Cf©X*fc&|fiI (ARB 1 ©iltf^lfil) {C*»W4B?93 
©flSMS5 8©4i^©^KiK^I (CftB. *XSfifl5^-C 
«. #<*ffi«^Cp©M^.O©Xtt75tSj©^KiacC^U 

t>) r-*s„ 

Co 1 1 9] -eur. c©^fftfEltL«. B#gi)tik:fcw 
&I13Mbp 8 ©da^ 6 AFbI 1 ©B?*ffi1©ffil{* 2 ©JElTSP 
1 2$r©X$4#fr©!E8tAU.<!:, K>|?It2(C*iW48ftH 



(16) 



65 8 ©tp<i>*> h AR8 1 OflttrMOMt 2 ( C n«B#£iJ ti 
rAffll©BU*ffliJK*o/cWtt2-C*6) (DSmSBl 2 
$ -C<D X ft©&88 A L2 £ ©*£?QtC «£-gcT & „ 
[0120] Sfor. ±ie^8fALl. AL2<h . B#^iJt^ 
eB$^Jt2$rcDig3tB#ra (t2-tl) . WW3£ 
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*(01^<DMjaB#P55:lEST?)C<h4CJ:-or. ene>© 
KffllALl. AL2t. &l##HjftB*fffl (t2-CL) <b£fll 
(,^r^ (8) K<fc0B#S"Itl*^t2S-C(DAfa i ©sab 
3$gV («F3fflo*>6^3E!lt2*-C©W«Pttait) 4** 

[0121] 



V = D/ (t2-tl) = (AL1+AL2) / (t2-CL) 



(8) 



[ 0 1 2 2 3 tct. imimi&^V%mW&®iM 

mm^-& 3 6 cDtefflr«. mMftmmmmmz 2 4tc 

R8 1 ©ffi ^©SPf* 2 &Ctfcn £ ±!2H28iA Lli . ft^rffli) 
©l»lf*2 K«toi±l3ffi«AL2i3W«T{CttW-r-5«fc 5 

tc^e66n. *n&©ffi*Au. AL2©*tB«aiiai*« 

^tW©M»&I^CC*8!)6*ifc«r*«0«l#2 «:«*>* 

ism a Li<t . mmvmmzmtmomtiimip h^m<om 
mcftttmsmimt -ccci»gesni**83 1 (c j: o wan 

^nfcfcJPal ( = t2-tL) <b*»61»lBSi (8) tciOAM 

i©#i&isav 20 

[0123] C©t&£. _kiaffiStALX AL2«^(Ccfc'5 

ccjfc&e.fts, w»£mtt&©iai£HJSK:*iw 

SAM 1 ©B?d7WJ©)»»2 K-3i>TB. RMWEfcfftK!® 
©IHWM* (Wf*S»«Sfr?M&2 4 (C«fc 9PI»P39#tf»© 

*®2 8K«fc9J|»6n**dH»9;R0 c THWl 1 ©e 

nen©M£WK£ 9a e cii <H 1 1 ©B#£ijti©®£ 

#JB0 C©£*, fa»f*2{C<&b&S£gtALl 

«, cn<E>©«f.4ftSecl, 0dl(0cl>O, 0dl> 

o) ©7*-£<t. AiisiJ9Rc>'Tiaspi i ©-en-en© 30 
tasns,, 

[0124] 

ALl=Dc • sin0cl+Dd- sin0 dl (9) 

[0125] laHi&c. Hlfii3^ttfl8©5a>&B#K:teW-5A 
Pel 1 ©«7?«OlW*2 CCTH>Ttt. &PfM5d$RAl©M 
*^{CWSaiP«Sjfi»*ffl#a2 8 tcj: iJ3fc«>6tl4*HI 

gp 9 ro'tusp i i ©enen©fS£Wg* e c2. e» d2 

(01 1 ©i*!9t2©H*#JRD itii. RWffc2tc{fc 
*>SSE8tAL2«. cn?.©«MftlS0c2. 0d2(0c2< 40 
0. 0d2<O) ©x-^i. AmgP9SO'TIia51 1© 

^nen©s$Dc. DcKD^-^i^fflt^r. aos d 

0) CcjcOirmsnS,, 
[0126] 

AL1=-Dc- sin0c2-Dd- sin0d2 (10) 

[0127] «±kw L,fcs«jiigJtt^ia3 6 ©Ma 

HiS L/ T 6 * KW W33«ttM*»H»&-r & * "C© NBHQ CC 50 



©caBSsns. 

[o 1 2 8 ] *fc. mrnsmmw^-fSLz 7©*&au* 

&©J:5«:fTton*. *ga^^n©^patcj;n«, A 
m 1 ©*tfl^W»X«*C«©l(l««l!IHir*SW«S£» 
XI9I8IU. ARB 1 ©«§&V£S8fctBM14£«-r£. 

•r&n*,. af^ i <Dmfm<DffiM5:mMfflte, 

[ o i 2 9 ] ect?. *mm&m-c\t. m 1 2©tBMM 

s^8^©ff^-c. iastMa^si 6tc*?,^G«t>iatg« 
f#snri>s. eur. mzmm3MMmffi£^&3 1 

m 3 6 tc J: *) mm<D <fc 5 (c#a6 6 n/t^ttilS V ©&»r 
ffl*^, 0 1 2 ©fflMW««c»rU>TSHI«a#tt«K: 

«fcsww3a*ffln©at5eias:*«>-5. ffi, wmrn^n 
jMN©j§t£fia . ^m©M)»^ Hptt»*«Mtt-r s * -c«i 
H?5n^»„ 

[ o i 3 o ] *fc. mnmmmm. 1 6 «. Buta#ft*^ 

flnaB»W^I83 1 , W*SttM»r^lS2 4. l+ffi^S 
3 5 . acfWII3^JHlffl«Be*S 3 7 ©Mffl©^tf 
«S^*S*IS3 8©MS ; &miie-9-'(' f -< A»cH 
tff£„ C©J6RS^«t3e*a3 8©«i«-CB. 

^3itt»a^iS3 Hcj:o**6nfc#{*m^co©Anis 

JK T (ax, azJiDf-^i, AF^ 1 ©fifiM©-^— £ <h 
^6, |glfi^;(2) iciO. £*JE*F= T (Fx, Fz) 

c©t§£, W^M»fi|»f^©2 4«:J:»3JGJi3nrt,>s 
w<*2©as»i^*^w^«si-c*^.J«^-K:«. ±ta 
£j*gy3F= T (Fx. Fzwtmm&zcDzzmt&LT: 

t #—©»($ 2 *c{l;ffi-r£J*K*©}g5EfiI<t 
[0131] W(*a«)*i|»i^S24tcJ:0ffiS3 

n-c c »s »{* 2 ©stiJttsi^Mwsmt^-c *^n^cc 

f^ffl-r^>^S*Fr= T (Frx, F rz)&t>'F f = T (F f=x, 

Ffz)&#8!>£„ -r^n%. *si^^^©^tcJ:n 

«. Pf«3a*tfc*t?A« 1 ©GWFWfcffT ?>»>[*: 2 tc^ 

ffl-rs*s^)Fr<D^^©. ttffiM5tmt«©H^ 

(cfc-WS^S^F©S^«:^^^fd^ (JWT. ^JS 
^ittt^) ttWICtJ#«Jfi©Mte«F3*>6©li««F 
F H 1©B5l2M«l3?:H?«?F^K:S=ir^f«^ (=1 
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vtctz, *ti6©m«ctti$«w*fflMtt***o. c© 
tiNttu. Am©f&to«®v^©fg#*«<^££w 

[0132] *(*WCC«, f££«|©»H*2 Kj^ffltS^ 
JKfrF r©Z$4^(Sj (ISK^ft) ©J&aFrz©> MWK 
f*t#!H©&8teB3 Kfc W ££J*J5# F cd Z M2rfi©j$# F 

z(«r. #BB??^-Fzsccj:DS-r) ccft-rss^r* 
-Tic Menfea&mtttcttoriai 3 (a) k^t io 

l#tfc*©«#IB©liatt:#(#> r i j frt> ro j *-c«4>L 
T<,»<. ttc, f^ffli|©W(*2«:{fffl^S«jS^Fr© 
X«tfjft (AR8 l©jtff^|Sj{Cr6]A^*^(6]) (Di&ft 
F rx©. MW^H5f«^©^^B#tCteW &£^JK;>3 F ©X 
«#fa©J&?>Fx (JiTF, #M^Fxs«:J:«3*-r) (C 
x+-r-5Sd^r'*^JS^i:bF rx/Fxs«. AW 1 ©*£8t) 

aiav^tcie-ric, mamm^mmtti'CMb-cm 1 

3(b) «ci^J:S&H«-je©*B»H«*tfl/. MJW 
^F^©B#P^©«jloc#i\ -a, rij*»6*Wnu 20 
/c&. ro j s-cM^L-rtK. 

[0133] ^CT, *HSfiff^-C(*. 013 ( a ) . 

(b) (ommmfa (ten?-*) *** ea* is©?*-*-? 
h*©jb»-c. ?a»tea^gi 6(c*e.^Dfit>iBtt«f# 

3 8 ©MS-Cti, mil2^)«Jg^ F ©#i5Effi#* 

to^n-scifcfln^r. tH£HMa:3 scccfcSigj&BSfS]© 
o 6 nfcj^wis:j#wp^©fii€ffl© f r - * (Dmam t 30 

5j?a?>e>n-5„ ^ur. c©**fcMW^B#^i:b©^- 
£#>601 3(a) ©tlBaM^K«-5t,>r. Zlt^tC 
*5^-5*JS^tbFrz/Fzs*^^s!>e.n. t©ffcJK# 
itF rz/F zstC MJW3£f#R«©R!teB#©:£J*K# F © Z 
^fS])S»Fzx?:m^-r5Ci{CJ:0, f&#ffl'J©lW*2 
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*3 (b) ©tBMM^cSrJt^r. Xf4^(6j{C*jW^mJS 
^tbFrx/Fx5*5^**6*l. C©J*Jg^JtFrx/F 
xsitWW£}m«©^teB5©£*J5?J F ©X$4*[6l^ 
F xs**JW Z> C t K. «£•). «*ffl!J©Wft2(Cf^ffl-r* 

«s^jf kdx#^isj)S^f rx*5^x**e>ns. 
[0134] <*<bfc. bmibs; (3) (ctse-or. fgffl]©iw 

f*2{CG&&JStcS2>Fr= T (Frx, F rz)4&1M -T 
A-e>£ibtc±mfxDF = T (Fx, Fz)^e>«# h 
;KDi^») -r^>ci(CJ;f). h!M!N©W{*2 K:tfc£J*JS;>3 
F f = r (F fx, Ffz) = r (Fx-F rx. Fz-Frz)#j&K 

2. 2©^n-en©^js^Fr, Ff*ii»fte.h5c 
[0135] ^(c. mn^mmw 1 6 ». mrieraBB^- 

©1 OSO'flSraS58(Cf'Pffl-r^*->>h ; £^-5.o C 
©»««:. mil2^S^«^#S3 8. W<*§g|5JjniIS» 

a^©3 2 . w<*#gi5ft*njsis»tH^K3 3 . mm>{* 
mMtm^m 3 4 . x.vm#£mm-m^& 2 8 tt ± d 

abb 1 ©#i9f*ffl^gp©afejia»!i(cfflt-^sitii^gs;i 
iiiR^KiH*s««raai5££*jflv>r. m%*)rzm& 

geio. flswg58K^ffl-rs-t-^>h*s)iB#cc*jf)e» 

[0 136] 3e>{CS$ffl(C«. @14*#ilt. £ 
"**. SBf*2©TB«l l(CMl/. TH»1 1 ©ftissgfl 
©£tr»l 2Kf^ffl-r«* <M»K20 > TB»1 1© 

B§^gpi o©sp^cc^-r^^ mmBUi) . rotes 

SCI l©fi^G2©MaflnaLS€r. **i**ilft*t&«JRC 
fiCfcW^fiS^iaJCio-C. '(F.x. F.z). T (F,x, 
F,z). T (a 2 x, a,z)iU ISTSSSPl lCM^nhi-r 
TffSSPl 1 ©fi^C2©3KiMttK:K|-r^ 

( i i ) i%^„ 



•5. C©<b!r 
[0137] 



(C^ffl^SJ^JS^F r©Z#^lS]^F rz*s^**6 
ns„ H«{C. WlW^ieiffltk©*©*:^- ^^€.0 1 * 

T (m J -^ 1 x, m, • ajZ) = T (F!X- F,x, F l z-F l z-m J 

^^.(C. T (F 2 x, F,z) = T (F^-nb • a, x, F , z-m, • a, z-nt • g ) 

(11) 

[0138] CCt, TMSB 1 1 ©S.^C2©tinaS T Ca, i* 2 *^)WlffliI©ffi)t*-r-* £ t # ». 
x. a,z)«. BMfB«IftS§|JUnaS#tB#S3 2tCj;f)^ 
ft^WtCtfeS. $/c. TffigSBl l©5t^gB©Sir 
SP1 2(C{ / Pffl-r^ragpJS* T CF 1 x, F,z)». 3fi(HW(C 
it. ISTIISSPl 1 ; &Wr.SW)^2tcoi ( >-CBUfBJ*JS*ftl 

L-C«,^i*(C«, BatBS^J I (F 1 x. Fxz)^. ffiitt 
(2) K«ti)^es66*a^.)5RJSy3 T (Fx, Fz) -CS)!). mm 50 



g) 

• a,z-mi 

(11) 

(Ftx. F t z)^ 

(0. 0)-C&&,, *7c. SSW^^Ft^CCfc^-C. ftg 

i*tc«. MgSJS^^FtX, F t z)«. iw!B013 
(a), (b) ©tBMW^ffl^rmf^i^cc^e 

nfc)*S^ T (Frx, Frz) TA"). 2 wrWJ©«I» 

-C*-5<h)*CCtt. B?iBSe (3) {C^o-CfJ^ct^^ 
dt>6n/c^S^ T (Ffx. Ffz) 

[0 139]SEot. SW(*2©^Mb51 OfCfpffl-T^, 
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KSpS^CF.x. F,z)», Wf*SSCttljiS@Hi#©3 

2 tc <t o 6 nfcTisgp i i ©fi<i>G2©au«g T o 

,x. a^z)©^-*.!:. J*JK;>J«t5E*J& 3 8 (c J; «3 6 
tiZfiilxt> ( = r (F lX , F,z)) ©^-Si. TJE8SB1 

Ktr ©fit ±IB^ (11) (Cct9#«!>£*i£. 

[0140] 0 1 4t#Il/t. TIS3B1 l©5fc 

^©SlrgPl 2JCfPffl-r?> ; &-^> h£M a . TIISB 
1 1 ©KM© 1 0©g1tfKcm8-r H^M,. * 

Isi • ot t -K -Mi +F t x • d," • cos0d-F, z- dj' 
+ F,x- d, • cos0d-F,Z' 

M, = M, - 1« 2 • a , + F t x • d, ' 
+ F,x 
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* TffiSan l©tt'C>G2(DlHlf)©1S14*-^> h^lo T 
iigiJl l©fi'i>G2©IS9©fta[]jig£a 2 £-r&. £ 
/c, Htif204(C>Pfl£;3#t: i TffiBSBl l©fi<l>G2<Ll£|ig 
ffi 1 O©*^©^©^^ . TKSU 1 1 ©ffi^G2i: 
S#gPl 2 tVfSV&mZd,' (-Dd-ct) tt Z>t. 

thisc i i ©fi<i>G2<D[5] o ©[HjfKiii&ccw-r zmwiw 

5$tt. «(12) <tft£„ 
[01411 



• sinfld 
d • sinfl d 



• cos0d-F, z • <t' 
ct • cos© d-F 2 z • d, 



[0142] cc-e. K<12) IsIjS ( 1 

2) (c^t.STIigCl 1 £«TT£Wf*2«:o<,>-Ciit)taJ* 
J^{m£«££3M& 3 4 it J; 9 **6n?>J*Jg^^ffl* 
^i'hJl'i, !&P(*2Ctoi>TH?!2^K;W£^®3 8 
(t^O^&^ft-SlS^r^ h;U£©^» (^* hJU 20 
«) ityt{l6n5*'>>hT*5. Sfc. a 2 «, 
MfeW<*SSCfta]iiS»W*®3 3<Cj;D*s!>6ftST 

nasi i©ftanitJK-c$>s„ £/c. e diifjiaw*^ 

»ffl^lS2 8KJ;9#&6ft£TIIIg|5l 1 ©GttsUWTC 

Sfc. '(F^ F lZ )«. jttrai©jl»). 
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